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FOREWORD 
This report  has  been prepared and published in  compliance with 
the provisions of Contract NAS3-3232 which specify structural  dynamic- 
loads and design-determination requirements as outlined in  Item 147 of 
the Centaur Documentation Requirements Plan, Report Number 55- 
00207E, dated 11 January 1965 (General Dynamics/Astronautics). This  
repor t  supersedes Report  Number GD/A-BTD65-024, dated 8 February 
1965 (Reference 1). Its purpose i s  to present  ground-wind restr ic t ions 
and associated information for  Atlas/Centaur/Surveyor Vehicles AC-6 
and AC-7, consistent with the most  recent  ground-wind loads study. 
The assumptions and limitations implicit in  the information pre-  
sented herein a r e  essentially those associated with the generation of 
the corresponding ground loads and are described in  References 2 
through 9. 
The inclusion of a separate set  of wind restr ic t ions and minimum 
pres su re  requirements for  certain wind-direction sectors" should be 
noted. This necessary complication has  evolved f rom wind tunnel 
s t u d i e s  at A x e s  Research Center {AR-C,) and f r o m  configuration changes. 
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SUMMARY 
This report  contains ground-wind restrictions and associated 
information for  the Atlas/Centaur/Surveyor, vehicles AC -6 and 
AC-7, a t  the Eas t e rn  Test  Range (ETR) while erected on the launcher 
pad a t  Complex 36A or  36B. 
Centaur vehicle while on automatic p re s su re  regulation - both free- 
standing and with tower in  place - are  presented i n  tabular form for 
normal launch sequence tanking conditions. For cer ta in  wind direc-  
tions there are limiting wind speeds based on launcher capability, 
and these are denoted as  such. Recommended courses  of action are 
contained in  this report  in  the event that wind speeds and/or  vehicle 
pitch and yaw ra te  gyro responses exceed the specified allowable 
values during normal  sequence tanking. 
Limiting wind speeds f o r  the Atlas/  
Maximum allowable recorded wind speeds and rate gyro re -  
sponses for other possible tanking conditions are presented in 
graphical f o r m  for  Atlas Step I, 11, and 111 pres su res  in  Appendix B. 
These data a r e  presented for  special  tanking tes t s ,  as well as t o  
cover conditions which could occur due to some malfunction. 
The introduction of the wind direction and s t ruc tura l  capability 
as controlling parameters  is explained and i l lustrated.  
cussed a t  some length are the xi1i~im-1~~1 differential  p re s su res  
required ac ross  both the A t l a s  and Centaur intermediate bulkheads. 
Also dis-  
Appendix A is furnished pr imari ly  for use by those persons 
directly concerned with the launch, in the event that the Bendix 
Aerovane Anemometer becomes inoperative. Included in  Appendix 
A is  a normalized wind profile which can  be used should the afore-  
mentioned situation occur. 
v /vi  
GD/C-BTD65-061 I 
1 June 1965 
..... 
TAB LE OF CONTENTS 
I L 
I 
L 
I 
i 
I L-. 
L 
I 
L, 
Section Page 
I INTRODUCTION . . 1-1 
1.1 Contents . . . . . . . . . . . . . .  1-1 
1 .2  Changesf rom AC-5 . . . . . . . . . . .  1-1 
1 .3  Genera lNo tes .  . . . . . . . . . . . .  1-2 
1.3.1 Minimum P r e s s u r e  Qualifications. . . . .  1-2 
1.3.2 Limiting Wind-Speed Qualifications . . . .  1-2 
11 DISCUSSION . . . . . . . . . . . . . . .  2-1 
2.1 Maximum Allowable Recorded Wind Speed . . . .  2-1 
2.1.1 Structural Capability. . . . . . . . .  2-1 
2 .1 .2  Wind Direction . . . . . . . . . . .  2.-2 
2.2 U s e  of Rate Gyros. . . . . . . . . . . .  2-4 
2 . 2 . 1  Vehicle Pitch and Yaw Rate Gyro Response . . 2-4 
2.2.2 Vehicle R a t e  Gyro Grounding . . . . . .  2-5 
2.3 Minimum Ullage P r e s s u r e  Differences . . . . .  2-5 
2.4.1 Specified Wind Speeds . . . . . . . .  2-6 
Standing Tanking Condition . . . . . .  2-6 
2.4 Wind Restrictions for Various Tanking Conditions . . 2-6 
2.4.2 
2.4.3 Restrictions for Normal-Sequence 
2.4.4 
Envelope of Restrictions for  Any F r e e  
Tanking . . . . . . . . . . . .  2-7 
Maximum Allowable Recorded Wind Speeds 
fo r  Tanking Conditions Other than Those 
Normally Encountered. . . . . . . .  2- 11 
111 CONCLUSIONSANDRECOMMENDATIONS . . . . . .  3-1 
IV REFERENCES . . . . . . . . . . . . . .  4 - 1 
4 .1  Reference Numbering . . . . . . . . . .  4-1 
4.2 Sources Cited . . . . . . . . . . . . .  4-1 
APPENDICES 
A DEFINITIONS AND WIND-SPEED VARIATIONS. . . . .  A-1 
and Ground-Wind Loads. . . . . . . . . .  A-1 A. 1 Terminology and Definitions for Ground Winds 
vii  
C D/C - BTD6 5-0 61 
1 Julie 1965 
B 
, 
Section 
TABLE OF CONTENTS (Continued) 
Page 
A.  2 Wind-Speed Variat ion.  . . . . . . . . .  A-2  
A . 3  References .  . . . . . . . . . . . .  A-3 
SPECIAL TANKINGCONDITIONS . . . . . . . .  B-1 
DISTRIBUTION LIST 3 
viii 
GD/C -B TD65 -06 1 
1 June 1965 i' 
:I 
Ls 
LIST OF ILLUSTRATIONS il 
I 
d Figure 
Number 
2 -  l a  Vehicle Orientation - Eas te rn  Tes t  Range Launch 
Complex36A . . . . . . . . . . . . . .  Y 
2- 3 I 
Vehicle Orientation - Eastern  Test Range Launch 
Complex 36B . . . . . . . . . . . . . .  
*, 2-  Ib 
2-  2 Envelope of Wind Restrictions to be Used when Monitoring 
Atlas Rate Gyros . . . . . . . . . . . . .  2 -6 
2-10 2 -3 
2 - 4  
Tanking and Detanking Procedures  . . . . . . .  
Wind Restrictions to  be Used when Monitoring Atlas Rate 
Gyros, for Five Normal Sequence Tanking Conditions . . 2-  12 
A-3 
A-4  
B-1 
B-2 
A-1 Wind-Speed Variation with Time . . . . . . . .  
A-2 
B-1 
Normalized Ground . Wind Profile . . . . . . . .  
Wind Restrictions t o  be Used when Monitoring Rate Gyros, 
fo r  Condition E F ETE (Step I1 and Step 111 P r e s s u r e s )  . . 
Wind Restrictions to  be Used when Monitoring Rate Gyros, 
for Condition E F FVE (Step I1 o r  Step I11 P r e s s u r e s )  . . 
I B -2 ! ..._- 
/ I  
I ,  
I L  
B -3 Wind Restrictions to be Used when Monitoring Rate Gyros, 
for Condition E E F TE (Step II o r  Step IZi Fressiiresj . . 
Wind Restrictions to be Used when Monitoring Rate Gyros, 
for Condition E E EE (Step I and Step 11 P r e s s u r e s )  . . 
Y R - 3  
B - 4  
B-4 
B -5 Wind Restrictions to be Used when Monitoring Rate Gyros, 
for Condition F E/2 E'/E (Step I1 and Step I11 Pres su res )  . . B-5 
B-6 Wind Restrictions to be Used when Monitoring Rate Gyros, 
for Condition F E  E F  (Step 11 or  Step I11 P r e s s u r e s )  . . B-6 
Wind Restrictions to be Used when Monitoring Rate Gyros, 
fo r  Condition F E  EE (Step 11 or  Step III P r e s s u r e s )  . . B - 7  B - 7  
B-8 Wind Restrictions to be Used when Monitoring Rate Gyros, 
for Condition F F E F/E (Step I1 and Step 111 P r e s s u r e s )  . . B-8 
ix 
GD/ C-BTD65-061 
. 1  June 1965 
Figure 
Number 
LIST O F  ILLUSTRATIONS (Continued) 
Page 
€3-9 Wind Restrictions to be Used when Monitoring Rate Gyros, 
for  Condition F E F" /~  (Step II o r  Step III P r e s s u r e s )  . . B-9 
B-10 Wind Restrictions to be Used when Monitoring Rate Gyros, 
for  Condition EE/2 E E  (Step II o r  Step III Pressu res )  . . B-10 
Table 
2-1 
A- 1 
LIST O F  TABLES 
Ground-Wind Restrictions f o r  Atlas/Centaur, AC-6, -7 . 
Definitions of Ground- Wind T e r m s  . . , . . . . . 
Page  
2 - 8  
A- 1 
j! 
i :  
i*j 
i 
u9 
J 
I 
3 
X 
L* 
,"I 
0 
i 
i- 
I 
I 
W 
u 
L 
L- 
GD/ C-B TD65 - 06 1 
1 June 1965 
SECTION I 
INTRODUCTION 
1 . 1  CONTENTS 
This report  contains the results of a study of nearly all possible tanking 
conditions for  the erected,  f ree-  standing Atlas/Centaur/Surveyor vehicles 
AC-6 and AC-7. The minimum pressures  of Reference 1-1 and the equivalent 
of Reference 1-2 for  AC-6 and AC-7  have been used to determine allowable 
wind speeds while tanking, o r  holding, under automatic p re s su re  control. Also 
presented a r e  procedures to be followed i n  the event that maximum recorded 
wind speeds and Centaur o r  Atlas rate gyro responses should exceed the al- 
lowable values. 
1.2 CHANGES FROM AC- 5 
The following significant differences exist between the AC-5 and AC-6, 
- 7  ground-wind analyses and Eastern Tes t  Range (ETR) operational proce- 
dure s: 
a. 
b. 
C. 
A refined statistical method i s  used for  combining individual 
steady- state, gust, and vortex- shedding bending moments (see 
References 6, 7,  and 8). 
Vehicle stiffness h a s  changed somewhat, due to differences in  
Centaur skin gauges and use of the operational interstage 
adapter. The stiffness changes have, in  most  cases ,  reduced 
the Centaur rate gyro response allowable curves  to values close 
to the Atlas rate gyro response allowable curves.  F o r  this rea- 
son, only Atlas curves  (zero to peak) have been presented in  this 
i-eport. If for s = ~ e  r e a s e ~ ?  Centaur rate gyro response allow- 
able curves  become necessary, the Atlas curves  as herein pre-  
sented can be used conservatively in  their stead. 
Atlas pitch and yaw rate  gyro response and wind speed*' and di- 
rection*' a r e  now recorded on a single strip-chart  recorder .  
addition, Atlas pitch o r  yaw rate gyro response i s  plotted versus  
wind speed on a n  X-Y plotter. 
the X axis and is  capable of switching f rom Atlas yaw rate  re- 
sponse to pitch rate  response on the Y-axis plot. 
In  
This  plotter plots wind speed on 
Non- external configuration changes such as changes in  Surveyor payload 
weights c rea te  only minor differences in  the loads analysis. 
"As recorded by the Bendix AN/GMQ- 11 (Aerovane) anemometer located 
on a 90-foot mast northeast of the ETR Complex 36A blockhouse. 
1-1 
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Since the Atlas vehicle skins, the minimum preeeuree,  and the launcher 
have not changed eince AC-5, the bending moment allowablee for AC-6 and 
AC-7 are identical to those of References 3, 4, and 5 .  
1 . 3  CENERAL NOTES 
1.3.1 MINIMUM PRESSURE QUALIFICATIONS. The minimum pres-  
s u r e  requirements,  which appear both in Table 2-1 and in Appendix B, 
represent  recorded p res su res  and, as such, reflect corresponding instru-  
mentation e r r o r s  as indicated below: 
a. Atlas fuel tank: +1.1 psi 
b. Atlas LO2 t a d  : +0.8 psi 
c .  Centaur LO2 tank: +0.5 psi 
d. Centaur LHz tank: +O.  3 psi 
The equivalent of Reference 1-2 for AC-6 and AC-7 should be consulted for  
the appropriate upper red-line values. 
1.3.  2 LIMITING WIND-SPEED QUALIFICATIONS. The Maximun 
0 Allowable Recorded Wind Speeds a s  denoted by MARWS in this report ,  make 
no allowance for the precision of the anemometer being used. It is therefore 
necessary to use an appropriate calibration curve in order  to adjust the lim- 
iting wind speeds contained in this report. 
reflect, however, the inability of the anemometer to record  the actual wind 
speed as stated in Appendix A, Paragraph A-1. 
These limiting wind speeds do 
I 
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SECTION 11 
DISCUSSION 
2 . 1  MAXIMUM ALLOWABLE RECORDED WIND SPEED 
There  a r e  two major  considerations which determine the magnitude of 
the Maximum Allowable Recorded Wind Speed (MARWS). 
s t ructural  capability and the wind direction. 
These are the 
2.1.1 STRUCTURAL CAPABILITY. When the wind is blowing on the 
f r e e  standing Atlas/Centaur vehicle, bending moments a r e  induced through- 
out the length of the vehicle. 
2.1. 1.1 Moments on Tank Skins. The bending moments which a r e  
induced on the vehicle skins must be reacted by sufficient internal tank pres-  
s u r e  to ensure that skin compressive stability problems will not a r i se .  
Raising the internal tank pressure will increase the MARWS only if the 
tank skins are critical. 
2.1.1.2 Moments on Station 1133 Latches. At vehicle Station 1133 
the latches a r e  located which join the Atlas booster section to  the sustainer 
stage. 
amount of tension that the latches can withstand. 
independent of tank pressure .  
the l e s s  cr i t ical  the latches become. 
The bending-moment capability of these latches is limited by the 
The latch allowables are 
The more  propellants that are tanked aboard, 
2. 1. 1.3 Moments on Launcher Supports. The bending moments about 
the pitch axis a r e  reacted by the main launcher supports at vehicle Station 
1191. 
never becomes crit ical  for any tanking condition. 
Since the main launcher supports a r e  extremely strong, Station 1191 
The bending moments about the yaw axis, however, must be reactea by 
the auxiliary launcher supports at vehicle Station 1206. Unfortunately, the 
strength of the auxiliary launcher supports is of such magnitude as t o  limit 
the value of the MARWS for many tanking conditions. Since internal tank 
p res su re  has  no effect on the strength capability of the auxiliary launcher 
supports,  raising the tank pressures  in  no way affects the MARWS when the 
launcher i s  critical. 
2. 1.1.4 Effect of Raising Tank P r e s s u r e s .  
tank skins a r e  initially cri t ical ,  the MARWS may be increased by raising 
the tank pressures ,  but this increase is effective only up to a value limited 
by the capability of the Station 1133 latches or  the Station 1206 auxiliary 
launcher support allowables. In  other cases ,  when the latches o r  auxiliary 
supports a r e  initially cri t ical ,  raising the tank p res su res  will not increase 
the MARWS. 
In some cases  when the 
2-1 
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2. 1.2 WIND DIRECTION. Reduction and correlation of the vortex- .shedding coefficients generated at Amee k e s e a r c h  Center (ARC) has  revealed 
that, with the wind blowing f rom 15' east of north* f o r  Eas te rn  Test  Range 
(ETR) Complex 36A (see Figure 2- la )  or f r o m  25O eas t  of north for  ETR 
Complex 36B (see  Figure 2- lb) ,  vortex-shedding effects are produced which 
greatly exceed those produced a t  all other orientations. It is believed that 
* 
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these vortex- shedding effects  were induced by the Centaur insulation panel 
antenna tunnels located on the Y-Y axis. With the addition of a dummy anten- 
na tunnel on the -X axis  insulation panel of vehicles AC-3 and on, i t  is also 
believed that l a rge  vortex-shedding effects may occur with winds blowing in  
the 105O T and 285O T orientations for Complex 36A and in the 115O T and 
295O T orientations for  Complex 36B. 
In o rde r  to fully ensure the safety of the vehicle, the wind restr ic t ions 
a r e  given for  three sectors.  
2. 1 .2 .  1 Wind f rom Sector B. Fo r  Sector B ( see  Figure 2-la when r e -  
ferr ing to Complex 36A o r  Figure 2 - l b  for  Complex 36B), the vortex-shedding 
phenomenon causes  severe oscillations in  a direction perpendicular to the 
wind. Since the auxiliary launcher support, which i s  relatively weak, must  
react  the entire la te ra l  bending moment, it becomes the cri t ical  i tem fo r  
most  conditions regardless  of Atlas or  Centaur tank pressures .  
2. 1.2.2 Wind f rom Sector C. F o r  Sector C ( see  Figure 2-la when r e -  
fe r r ing  to Complex 36A or  Figure 2 - l b  for Complex 36B), severe la teral  os- 
cillations may likewise exist due to vortex shedding. However, in  this plane, 
the main launcher supports, which a r e  extremely strong, react  all bending 
moments. The vehicle tank skins then become crit ical  for  Sector C winds. 
2. 1 .2 .3  Wind f rom Sector A. For  Sector A ( s e e  Figure 2-la when r e -  o ferr ing to Complex 36A o r  Figure 2 - lb  for  Complex 36B), wind tunnel t e s t s  
have shown that the induced la te ra l  oscillations a r e  substantially smaller than 
those which may occur in  Sectors B and C. 
again becomes the auxiliary launcher supports. 
In most  cases ,  the cri t ical  i tem 
2 .2  USE O F  RATE GYROS 
2.2.1 VEHICLE PITCH AND YAW RATE GYRO RESPONSE. The l imi- 
tations, a s  explained above,. a r e  based upon the assumption that random 
vortex- shedding effects exist and that the magiiitudee ~f the induced loads can 
reach the three-  sigma value defined by the ARC wind-tunnel testa. Since these 
vortex- shedding loads a r e  based upon data f rom a wind-tunnel model of slightly 
different configuration, the actual magnitudes arising during any time period 
may be considerably l e s s  than the ARC data indicate. 
To evaluate these random effects, vehicle r a t e  gyros (which measure  
the vehicle dynamic response) can be monitored and used as a means of de- 
termining the actual dynamic response of the erected Atlas/Centaur vehicle. 
When this procedure i s  followed, the recorded wind speed and both pitch and 
yaw ra t e  gyro outputs (either Atlas or Centaur) must  be monitored simulta- 
neously. 
minutes) of the gyro outputs be used as a partial  bas i s  for determining wheth- 
e r  a dangerous condition is likely to occur. 
I t  i s  strongly recommended that the past  history (from 15 to 30 
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2 . 2 . 2  VEHICLE RATE GYRO GROUNDING. During the tanking sequence, 
ra te  gyros may be grounded for  certain short  periods of time in  o rde r  to 
provide for  prelaunch checkouts. 
grounded, it i s  mandatory that the following procedure be pu r sued  
1 During those t imes  when the gyros are 
a. Obtain at least four (4) minutes of wind-speed and wind-direction 
t r a c e s  taken at the tanking condition that will exist  while the gyros 
a r e  grounded. 
immediately preceding that during which the gyros a r e  to be 
grounded. 
This four-minute sample is to be obtained at a t ime 
b. Ground the gyros while continuously monitoring the Maximum 
Recorded Wind Speed (MRWS). 
c. Determine the safety of the vehicle as follows: 
(1) If the MRWS, during the gyro-grounded time periods, does not 
exceed three ( 3 )  knots above the MRWS as obtained from the 
four-minute sample t races  , 
( 2 )  If the wind direction does not shift fa r ther  than ten (10) degrees  
beyond the four -minute sample t race  envelope , 
AND 
then the vehicle may be assumed to  be in  a safe condition and checkout 
tes t s  can continue. 
d. . However, if either variation o r  both a r e  greater  than allowed above, 
take action t o  end checkout and immediately begin to monitor vehicle 
ra te  gyro outputs. 
2.3 MINIMUM ULLACtE PRESSURE DIFFERENCES 
The minimum differential pressure required a c r o s s  the intermediate 
bulkhead of the Atlas vehicle is  3 . 0  psi. This  corresponds to a difference in  
ullage pressure  of 3 .0  psi  when the liquid-oxygen tank is empty and 21.5 psi  
when the liquid-oxygen tack is full. 
R P - 1  tank. 
The higher pressure  is required in  the 
The  minimum differential  pressure required ac ross  the intermediate 
bulkhead of the Centaur vehicle is 2.6 psi .  This  corresponds to a difference 
in  ullage pressure  of 2.6 psi  when the liquid-hydrogen tank is empty and 3.2 
psi  when the liquid-hydrogen tank i s  full. The higher pressure  is required in  
the liquid-oxygen tank. 
The minimum ullage pressures  specified above are sufficient only to p re -  
vent r e v e r s a l  of the intermediate bulkheads. 
however, the pressure  differential required for the Atlas m a y  be more than 
this  minimum in order  to maintain structural  capability of the Atlas RP-1 
tank. 
F o r  some tanking conditions, 
2 - 5  
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2 . 4  WIND RESTRICTIONS FOR VARIOUS TANKING CONDITIONS 
2 .4 .  1 SPECIFIED WIND SPEEDS. Wind speeds specified herein are as 
recorded by the Bendix AN/GMQ- 11 (Aerovane) anemometer at ETR Complex 
36A, located on a 90-foot mast northeast of the blockhouse. Figure A-2 of 
Appendix A is to be used in the event of failure of this anemometer. 
mos t  strongly recommended that Appendix A be read  by those persons con- 
cerned with these wind restrictions. 
It i s  
2 . 4 . 2  ENVELOPE O F  RESTRICTIONS FOR ANY FREE-STANDING 
TANKING CONDITION. In most  ca ses  the condition occurring when all tanks 
a r e  full of propellants is the most  critical for ground winds. Figure 2-2 pre-  
sents a curve, based upon the all-full condition, which depicts the envelope of 
all cr i t ical  conditions which may arise due to any of the normal sequence or 
MAXIMUM ALLOWABLE RECORDED WIND SPEED, MARWS (knots at 90 ft ) 
Figure 2-2.  Envelope of Wind Restrictions to  be Used when 
Monitoring Atlas Rate Gyros 
2-6 
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malfunction configurations except Step I ppe s sure  s with cryogenics tanked. 
Therefore, as long as the ra te  gyro response remains within the allowable 
l imits  of Figure 2-2, the structural  integrity of the free-standing Atlas/Cen- 
taur vehicle will  be ensured for  all configurations except Step I p res su res  with 
cryogenics tanked. Fo r  any MRWS below 16.5 knots, it i s  not required to 
monitor the ra te  gyro response regardless  of wind direction. This point is 
designated by B, C in  Figure 2-2.  
If the MRWS i s  f rom 16.5 to 25.7 knots and the wind is  blowing in  Sectors 
B o r  C, the ra te  gyros must  be monitored along with wind speed. In Figure 
2-2  this region i s  bounded by the points B, C and A. If the MRWS exceeds 25.7 
knots, as designated by Point A, ra te  gyro response must  be monitored re -  
gardless  of wind direction. I t  should be noted that the shape of the ra te  gyro 
response curve is independent of wind direction. 
2 .4 .3  RESTRICTIONS FOR NORMAL-SEQUENCE TANKING. The proce- 
dure for  determining ground-wind restrictions under normal- sequence tanking 
conditions is  given in  the following paragraphs. 
2.4.3.1 Tanking and Detanking Procedures.  The normal tanking se- 
quence for  AC-6 and AC-7 is as follows: 
a ,  Tank Atlas RP-1  100 percent full 
b. Tank Centaur LO2 50 percent full 
c. Tank Atlas LO2 100 percent full 
d. Tank Centaur LHZ 100 percent ful l  
e .  Tank Centaur LO2 100 percent full 
The flow chart  of Figure 2-3 contains tanking and recommended detank- 
ing procedures.  
possible 8peciai i;a-ing tegtg or  ; r * d f : ~ ~ c t i ~ ~ ~ ,  either ~f which m-ay require 
complete or partial  detanking of the erected Atlas/Centaur vehicle. 
procedures  shown in dotted boxes and line8 should be used only if the normal  
procedures  (a8 shown by solid boxes and flow l ines)  cannot be followed. 
The dotted a r rows  and boxes a r e  presented to  account for 
The 
2 . 4 . 3 . 2  Table of Wind Restrictione. Table 2-1 contains limiting wind 
In order  to  determine corresponding speeds fo r  normal-sequence tanking. 
Maximum Allowable Recorded Wind Speeds for  tanking sequences other than 
that specified in  Table 2-1 , refer  to  Paragraph 2 . 4 . 4 .  
It should be noted that the pressures  listed in Column C of Table 2-1 
r ep resen t  in  each case the minimum pressure  as i t  appears  on the recorder  
and not the pressure existing in  the tank. 
Pa rag raph  1.3.1 were applied to  the design minimuma. 
The pressure  corrections of 
i 
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B - A 
VEHICLE CONDITION 
( S e e  Section 2 .  4. 4 for  other conditions) 
In P r o c e s s  
of Erect ion 
o r  Removal 
At las  
with 
Cefitalir 
Mounted 
> 
.l. 
‘For notes referenced by numbers in  parentheses ,  
1 June 1965 
lrection and Mating 
.nd/or  Removal of 
Centaur 
Second Stage 
f rom F i r s t  Stage 
Without 
Stabilizer 
With Stabilizer 
and Tag Lines  
A1 1 
Tanks 
Full  
Step I1 
P r e s s u r e s  (5)  
Atlas 
Step 111 
P r e s  su re  s (5) 
I 
C 
ILNIMUM TANK PRESSURES - 
Centaur At1 
LQ2 
- 
6.3 N. A. 
- 
7.5 6.2 , 4.5 
~ 
4.5 
- - 
6.2 7.5 
4.5 6.2 Mating Payload 7.5 
Vehicles 
in Stretch, 
13,500 f 5001b 
No 
Stretch 
0 . 0  ( in 
s t re tch:  
0 .  o ( in  
s t re tch)  
0 .0  ( i n  
stretch) - 
Zurtains 
and 
Nindow s 
Closed 
Vehicles 
in  
Tower, 
ill Tanks 
Empty 
~- 
6.2 4.0 9.  6 
Curtains and 
Windows Open (5) 4.0 9.6 6.2 
6.2 Atlas  Step I 
RP-1 1- Atlas  P r e s s u r e s  5) 
Step I1 Only 
4.0 9.6 
14.0 
14.0 
14.0 
14.0 
9.3 4.0 
I P r e s s u r e s  (5)  
Half Empty Centaur L02 ,  
Atlas RP-1 (5) 
Vehicles 
on 
Jaunche r 
rower 
iemoved 
( f ree-  
; tan di n g ) 
4.0 9.3 
Half Empty Centaur L02, 
Atlas L02, Atlas RP-1 (5) 4.0 
9.3 
Centaur LH2, 
4.0 9.3 Half Empty Centaur LO29 
Atlas L02, Atlas R P -  1 ( 5 )  
I Atlas 
14.0 9.3 4.0 
24.3 4.0 14.0 
I 
see  Paragraph 2.4.3.3. 
IONS F O R  ATLAS/CENTAUR, AC-6, - 7  
E 
MAXIMUM 
ALLOWABLE 
RECORDED 
WIND SPEED 
(knots) ( 3 )  
1 28.9 
RECOMMENDED ACTION WHEN W I N D  
IS PREDICTED TO EXCEED MAXI- 
MUM ALLOWABLE SPEED (4) 
a. Delay erection until winds recede. 
b. Accomplish removal ( for  hurr icanes)  
prior to reaching MARWS. 
13.6 [p-
~ I A 
’ 12.1 I I 3  Same as  above. 10.7 ‘1 
I I C 
ii--- A I 25.0 Same a s  above. 1 10.7 Same a s  above. 
(Wil l  only be exceeded during hurricane o r  
extreme s to rm conditions. ) Proceed with 
r emo V a l .  
1 43.4 0. 0 ( i n  
s t r e t c h )  
& 12.1 Same a s  above. 
L 
I A 
12 .1  B Return ‘ to condition 6 .  (6  28.8 
f 27.9  
I - 
I A Do not remove service tower; o r  re turn 
service tower i f  removed. ( 6  
35.3 (7) tl 28.7 (7) Same a s  above. ( 6  
Return to condition 9. ( 6  
R e t u r i  to condition 10. (6  
. .  
t - 1  28.7 
Se? Figure 2-4. ( 6  
1 
(6 See Figure  2 - 4 .  
( 6  See Figure  2-4. 
u r e s ,  see Paragraph 2.4.3.4 and Figure  2-4. 
1 
L; 
L 
I 
L 
I 
I 
4-r 
i 
L 
i 
. *- ~~ ~ ~ 
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While tanking o r  detanking a particular tank, the more  severe wind r e -  
striction should be imposed for  that condition, whether it  corresponds to the 
inception o r  the completion of the tanking. F o r  a simultaneous tanking, the 
more  severe wind restriction of the possible combinations should be employed. 
Paragraph 2.4.4 and associated figures of Appendix B a r e  to be consulted as 
required. 
If the tes t  conductor believes that the Maximum Recorded Wind Speed will 
exceed the values indicated in  Column E of Table 2-1, he should take the r ec -  
ommended action described in  Column F of the table, corresponding to the 
configuration and wind direction noted, -, the direction f rom which the wind 
i s  blowing. The intent of the course of action recommended in  Column F i s  to 
outline a logical and effective procedure for  returning the vehicle to a condi- 
tion capable of withstanding excessive winds, when they do occur, for normal 
sequence tanking conditions. These procedures a r e  identical to those of Fig-  
u r e  2 - 3  and a r e  based on the information contained in  Column E, as well as 
on ETR range-safety requirements. 
occur for  some tanking condition not specified in  the table, the allowable wind 
speeds specified in  Appendix B and the flow diagram of Figure 2-3 will enable 
an appropriate-procedure to be developed to ensure the safety of the vehicle. 
Thus, in  the event that excessive winds 
Due to the significant amount of t ime involved in  performing the opera- 
tions outlined in  the recommendations, it i s  necessary that such action antici- 
pate, ra ther  than follow, the occurrence of excessive winds. 
2.4. 3. 3. 
to Table 2-  1. 
applicable note should be consulted for  fur ther  information. 
Notes for Wind Restriction Table. 
When any number in Table 2- 1 appears  i n  parentheses, the 
The following notes apply 
(1) See "General Notes, Paragraph 1. 3. 1. 
( 2 )  The wind speeds a r e  applicable to a given sector whenever the wind 
i s  blowing f rom an azimuth within that sector, 
( 3 )  The Maximum Allowable Recorded Wind Speed (MARWS) i s  the peak 
recorded wind speed producing loads equal to the allowable s t r e s s  
level. 
on a 9o-foot mas t  located northeast of the blockhouse. 
"General Notes, I '  Paragraph 1.3.2. 
(4)  Action should be taken before the wind speed reaches the MARWS, 
not aft e rwar  d s. 
(5) The tanks must  not be depressurized under these conditions. 
( 6 )  Return to the indicated condition only i f  the predicted (forecast)  wind 
speed fails to exceed the MARWS for that condition; otherwise, re- 
turn to a condition for which the MARWS will not be exceeded. 
( 7 )  The launcher is crit ical  in this condition and the MARWS should not 
be exceeded regardless  of tank pressures .  
Values given a r e  for the AN/GMQ- 11 (Aerovane) anemometer 
Also see 
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E =EMPTY 
F=FU 
EXAMPLE : 
LEGEND: 
YE 
Y 2  
1 = RECOMMENDEDDETANKING 
PROCEDURE 
2 = PROCEDURE I F ~ C A N N O T  
BE FOLLOWFD. 
= FULL OR EMPTY 
=) 50 PERCENT FULL 
CENTAUR ATLAS 
LH2 LO2 LO2 RP-1 
E E/2 F ?E 
n 
I E E  E E ~ - - -  1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J l  I 
I ‘  
d l  
, 
_I 
11 
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2 . 4 . 3 . 4  Allowable Rate Gyro Response. The curves in  Figure 2-4 rep- 
As i n  resent the cri t ical  l imits  for  five normal sequence tanking conditions. 
Figure 2 - 3 ,  the tanking conditions (E = empty, = half full, F = full) a r e  
cited i n  order  f rom top to bottom (LH2 to RP-1). This figure i s  s imilar  to 
Figure 2-2 ,  except that individual tanking operations a r e  presented. When 
using these curves,  BOTH pitch and yaw ra te  gyro responses must  be below 
the allowable curve. The meanings of Point B, C, of the region f rom B, C to 
A, and of Point A a r e  explained in Paragraph 2.4.2. Where as te r i sks  a r e  
shown, the launcher is  cri t ical .  
F o r  emergency conditions during which the allowable l imits  a r e  exceeded, 
in  addition to detanking, it may be beneficial to pressurize  propellant tanks to 
Step 111 pressures .  
Note that the allowable ra te  gyro response curves a r e  extremely depen- 
dent on tanking condition. 
propellants a r e  tanked aboard, the f i r s t  mode frequency of the erected Atlas/  
Centaur vehicle decreases .  
portional to frequency, the curves drop sharply when the vehicle becomes 
heavier. Therefore,  when proceeding f rom one detanking condition to  an- 
other,  there should be no cause fo r  alarm if the gyro ra tes  begin to  increase 
slowly. 
propellant tank p res su res  which occurs when going f r o m  Step I to Step I1 
pre  s su re  s . 
This is primarily due to the fact that, as more  
Since allowable gyro response is directly pro- 
The difference between Curves 1 and 2 is due to  the change in  
To prevent possible launch drift problems (collision of vehicle with um- 
bilical tower o r  booms), the MRWS should be limited to 40 knots pe r  Refer- 
ence 10. 
-------n % s r T x T n  c n  w n c  pnn 2 . 4 . 4  MAXIMUM ALLOWABLE K L L u n u s u  WUYU o = E u ~ ,  L' uAb 
TANKING CONDITIONS OTHER THAN THOSE NORMALLY ENCOUNTERED. 
To cover tanking conditions which might occur during a special tanking tes t  
o r  due to some malfunction, Maximum Allowable Recorded Wind Speeds and 
associated minimum pressure requirements a r e  presented in  the figures of 
Appendix B. It is considered that the cases  presented in  these figures wil l  
cover most,  i f  not all, emergency cases.  In the event that these figures do 
not cover the case a t  hand, it is recommended that the author, o r  those 
persons listed on page ii, be contacted. 
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- 0  12 16 20 24 28 32 36 40 
[ X V ]  MAXIMUM ALLOWABLE RECORDED WIND SPEED, MARWS (knots at 90 ft ) 
NOTES: 
The following notes present the conditions for monitoring 
Atlas  rate gyros, under normal sequence tanking, as given in 
the above figure. 
Removing Service Tower 
i. 
ii. 
iii. 
a. Cbndition E E E F Atlas Step I Pressures 
If MRWS is lees  than 23.8 knots, ignore rate gyros. 
If MRWS is greater  than 23.8 knots, rate gyro monitoring is 
required when wind is i n  Sectors B o r  C (see Curve 1) .  
If MRWS is greater  than 27.9 knots, rate gyro monitoring is 
required for all wind direction6 (see Curve 1). 
I 
Figure 2-4. Wind Restrictions to be Used when Monitoring Atlas Rate 
Gyros, fo r  Five Normal Sequence Tanking Conditione 
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NOTES (Continued): 
b. Condition E E E F , AtlaiStep 11 Pressures 
No Cryogenics Tanked 
i. 
ii. 
iii. 
If MRWS is less than 28. 7 knots, ignore rate gyros. 
If MRWS is greater than 28. 7 knots, rate gyro monitoring is 
required when wind i s  in Sector B o r  C (see  Curve 2). 
If MRWS is greater  than 35.3 knots, rate gyro monitoring is 
required for all wind directions ( see  Curve 2). 
c .  Condition E E E F to E E/2 E F, Atlas Step II Pressures 
Tanking Centaur LO2 
i. 
ii. 
iii. 
If MRWS is l e s s  than 23. 5 knots, ignore r a t e  gyros. 
If MRWS is greater than 23. 5 knots, r a t e  gyro monitoring is 
required when wind i s  in Sector B or C (see Curve 3). 
If MRWS is greater than 31.4 knots, rate gyro monitoring is 
required for all wind directions (see Curve 3) .  
d. Conditions E El2 E F to E El2 F F , Atlas Step 11 Pressures 
Tanking Atlas LO2 
i. 
ii. 
iii. 
If MRWS is l e s s  than 17.3 knots, ignore rate gyros. 
If MRWS is greater  than 17.3 knots, r a t e  gyro monitoring is 
required when wind is in  Sector B o r  C (see Curve 4). 
If MRWS is greater  than 27. 7 knots, r a t e  gyro monitoring is 
required for all wind directions ( see  Curve 4). 
e .  Conditions E E i 2  F F to FE/2 F F , Atlas Step 11 Pressures, and 
Conditions F E/2 F F to F F F F , Atlas Step II Pressures 
Tanking Centaur LH2 or  Completing Centaur LO2 Tanking 
i. 
ii. 
If MRWS is l e s s  than 16. 5 knots, ignore r a t e  gyros. 
11 - - ~ r n l ' r C  M&VVO i8 bAu---- -*nater than 16. 5 knots, rate gyro monitoring is 
required when wind is in Sector B o r  C (see  Curve 5). 
If MRWS is greater than 27. 7 knots, rate gyro monitoring is 
required for all wind directions (see, Curve 5). 
... 
111. 
f. Conditian F F F F, Atlas Step 111 Pressures 
Preparing to  Launch 
i. 
ii. 
iii. 
If MRWS is less than 16.5 knots, ignore rate gyros. 
If MRWS is greater than 16.5 knots, rate gyro monitoring is 
required when wind is in  Sector B (see  Curve 5). 
If MRWS is greater than 27. 7 knots, ra te  gyro monitoring is 
required for a l l  wind directions (see Curve 5). 
F igure  2-4. Wind Restrictions to be Used when Monitoring Atlas Rate Gyros 
fo r  Five Normal Sequence Tanking Conditions (Continued) 
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SECTION Ill 
CONCLUSIONS AND RECOMMENDATIONS 
The ground-wind restrictions,  with their  associated requirements,  set  
for th  in  this report  a r e  intended to cover the Atlas/Centaur/Surveyor AC-6 
and AC- 7 vehicles. Ground-wind restrictions for subsequent vehicles will be 
published a t  a l a t e r  date. Only those persons l is ted on the distribution list 
a t  the close of this report  will be notified in  the event that changes to the r e -  
port  become necessary.  
The procedures and/or  ground-wind restr ic t ions of Table 2-1 should 
be incorporated in the following documents: 
1. P rogram Requirements Document. 
2. Unified Test Plan.  
3 .  Centaur Redline Document. 
It is recommended that the scale for the wind-speed recorder  in the 
blockhouse at ETR Complex 36 be rese t .  
tends from 0 to 120 knots in 4-1/2 inches, allowing less than 1-1/8 inches 
fo r  the range of in te res t  ( 0  to 30 knots); and each scale division is equal to 2 
knots so that the magnitude of the wind speed cannot be read  closer  than 
approximately f 0 .2  knots - the width of the trace.  The recorder/amplif ier  
should be modified o r  replaced so that two ranges,  0-30 and 0-120 knote, are 
available. 
The cur ren t  full-scale range ex- 
It is also recommended that the anemometer/amplifier/recorder sys tem 
be calibrated to determine systematic and random e r r o r s .  The systematic 
e r r o r s  should then be compensated for,  by either changing the recorder  
scale  or  applying the appropriate correction to the Maximum Allowable Re-  
corded Wind Speeds. Random e r r o r s  should be combined with other random 
variables  in the ground-wind loads so that the MARWS i e  not unduly reduced. 
3-1/3-2 
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SECTION IV 
REFERENCES 
4 . 1  REFERENCE NUMBERING 
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appears in the report ,  by section and order .  
tained 
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4 . 2  SOURCES CITED 
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APPENDIX A 
DEFINITIONS AND WIND-SPEED VARIATIONS 
A. 1 TERMINOLOGY AND DEFINITIONS FOR GROUND WINDS AND 
GROUND- WIND LOADS 
In the past, there has  been some confusion over the usage and definition 
of the design terminology "equivalent steady-state wind. 'I When wind loads 
fo r  miss i les  were first calculated, it was assumed that loads imposed on 
the missi le  by some square-profile steady wind would be an adequate c r i t e r -  
ion f o r  a good missi le  design, an assumption which has since been modified. 
As more  knowledge has  been gained of the rea l  loads due to an  "actual 
wind, 11 ( re fer  to Table A -  1 and Figure A- I )  the terminology "equivalent 
steady-state wind" has  come into use, but it only has  meaning for  design 
purposes in that i t  i s  a uniform steady wind which produces the same loads 
a s  the peak loads due to an  "actual wind. 
This Appendix shall attempt to c lear  up any remaining confusion by 
presenting the terminology to be used when referring to winds and wind 
loads and giving explanatory examples. Hereafter,  terminology defined 
in this Appendix shall be used and the expression l'equivalent steady-state 
wind" avoided when referring to wind restrictions.  
TABLE A- 1. DEFINITIONS O F  GROUND-WIND TERMS 
Actual Wind: 
time. (See Figure A-1.) 
Maximum Actual Wind Speed: 
curring during any period that i s  of interest ,  such as  when a vehicle is  ex- 
posed to ground winds. (See Figure A-1.) 
The wind actually blowing, which i s  a function of position and 
The instantaneous peak actual wind speed oc- 
Maximum Allowable Actual Wind: 
produces limit-allowable loads. NOTE: The actual load which will cause 
a failure 
Recorded Wind: 
speed usually var ies  f rom the actual wind speed. (See Figure A-1.) 
Maximum Recorded Windspeed: The instantaneous peak wind speed recorded 
during any period of interest ,  such as when a vehicle is exposed to ground 
winds. (See Figure A-1.) This is equal to five-sixths of the peak actualwinc 
speed, o r  one-and-a-quarter times the average wind speed. 
The peak speed of the actual wind which 
is the limit load multiplied by the factor of safety. 
That .wind recorded by an anemometer. The recorded winc 
Maximum Allowable Recorded Wind Speed (MARWS): That peak wind epeed, 
recorded by a particular anemometer, corresponding to an actual wind which - 
/produces limit-allowable loads, 
llocation must  be specified, 
The particular anemometer -used and it8 
A- 1 
0 TABLE A -  1. DEFINITION OF GROUND-WIND TERMS (Continued) 
Gust Wind: 
vary both in magnitude and duration. (See Figure A- 1. ) 
The difference between the actual and the average winds. Gusts 
L 
- 1 
verage Wind: (Sometimes called the mean-wind speed. ) The average wind 
speed over a five-minute period. The actual and recorded average winds 
ordinarily coincide. (See Figure A-1.) 
A. 2 WIND-SPEED VARIATION 
Figure A-1 i l lustrates a typical plot of wind-speed variation with respect  
to t ime and is to be used in conjunction with the definitions given in Table A-1. 
Note that the magnitude and time of peaking of the recorded wind vary f rom 
the actual wind. This variation is caused by the response lag of the anemo- 
meter ,  which may change for  different types of anemometers.  
direction also var ies ,  but this factor i s  not discussed here.  
A-1 does give the directional distribution of the wind. 
The wind 
Reference 
Figure A-2  i s  the profile of Reference A-2 and i s  applicable ~ ~ ' E T R .  
This wind speed profile is a statist ical  average,and hence the instantaneous 
wind profile may vary considerably from this smooth profile. However, 
Figure A - 2  can be used as  a reference to predict wind speeds a t  a given 
elevation when the speed is known a t  some other elevation. This profile co r -  
rection applies only to anemometers which a r e  relatively far from any ob- 
struction. It specifically does not apply to the anemometer mounted on top of 
the ETR Complex 36A blockhouse. If  this anemometer is used, the 50-foot 
elevation profile correction should be employed. 
To help define these t e rms  and the use of Figure A-2 ,  an exam- 
ple i s  presented. The case presented is  a hypothetical one and hence i s  not 
to be considered as  a ground-wind load criterion. 
Assume that the Atlas/Centaur vehicle was designed to withstand a 
maximum-allowable actual wind of 40 mph at 90 feet  above ground. 
This corresponds to a 33-1/3 mph Maximum Allowable Recorded 
Wind Speed at 90 feet, measured with a n  AN/GMQ-11 Anemometer. 
F o r  this condition, the average wind speed would be 26-2/3 mph a t  
90 feet .  
i f  the anemometer at the launch site is placed at 70 feet  instead of 
90 feet ,  refer  to Figure A-2. From the profile of Figure A-2 it can 
be determined that the Maximum Allowable Recorded Wind Speed at 
70 feet  is 0.952 times that at  90 feet, o r  31.7 mph. If the anemometer 
is different than type AN/GMQ-11, the Maximum Allowable Re- 
corded Wind Speed muRt also be adjusted according to the response 
curve of that  par t icular  anemometer. 
To determine the Maximum Allowable Recorded Wind Speed 
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1 Figure A- 1. Wind-Speed Variation with Time 
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A- 1 Surface Wind Statistics for  Patr ick AFB (Cape Canaverall, 
Florida, Report No. MSP-AERO-61-78, 10 October 1961 
(George C. Marshall  Space Flight Center).  
L A-2 Ground Wind Cri ter ia  for Atlas/Centaur 9570 Launch 
Capability, J .  D. Martin. Report No. GD/A63-0445, 
15 July 1963 (General Dynamics /Astronautics). 
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Figure A-2. Normalized Ground-Wind Profile 
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APPENDIX B 
SPECIAL TANKING CONDITIONS 
GD/C-BTD65-061 
1 June 1965 
Figures  B-1 to B-10 are presented to account for  any non-normal tanking 
sequence configuration. 
tical to those of Figure 2-4. 
(E = empty, 
The limitations and u s e s  of these f igures  are iden- 
As in Figure 2-3,  the tanking conditions 
= half full, F = full) are cited in  order  f rom top to bottom(LH2 
to RP-1). 
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Figure B-1.  Wind Restrictions to be Used when Monitoring Rate Gyros, 
for Condition E F  E?E (Step I1 and Step I11 Pressures)  
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Figure B-2. Wind Restrictions to be Used when Monitoring Rate Gyros, 
for Condition E F  F'Z (Step I1 or Step 111 Pressures )  
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Figure B-3. Wind Restrictions to be Used when Monitoring Rate Gyros, 
for  Condition E E  F % (Step II or Step III Pressures )  
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Figure  B-4.  Wind Restrictions to be Used when Monitoring Rate Gyros,  
for Condition E E  E E  (Step I and Step 11 P r e s s u r e s )  
B-4  
1 -  
GD/C - BTD6 5- 06 1 
1 June 1965 
u MAXIMUM ALLOWABLE RECORDED WIND SPEED, MARWS (knots at 90 ft ) [zizsiiv 
I- 
-- :. Figure B-5. Wind Restrictions to be Used when Monitoring Rate Gyros, for  Condition F E / 2  E"/E (Step II and Step III Pressures )  
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Figure  B-5. Wind Restr ic t ions t o  be U s e d  when Monitoring Rate Gyros, 
for Condition F E / 2  E'/E (Step II and Step III Pressures) 
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Figure B-7. Wind Restrictions t o  be Used when Monitoring Rate Gyros,  
f o r  Condition F E  E E  (Step XI or Step 111 Pressures)  
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Figure B-9. Wind Restrictions to be Used when Monitoring Rate Gyros, 
for Condition F E  F?! (Step 11 or Step 111 Pressures)  
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Figure B-10 Wind Restrictions to be Used when Monitoring Rate Gyros, 
for Condition E E/2 E E (Step U or Step III P r e s s u r e s )  
B-10 
GD/ C-BTD65 -06 1 
1 June 1965 
DISTRlB UTION LIST 
This report  i s  to be distributed to the following people. Only those per -  
sons l is ted will receive notice of changes to this repor t  i n  the event that a 
revi  sion become s nece 6 sary. 
NASA/LeRC/Cleveland (6) 
NASA/LeRC/San Diego (2) 
NASA/GLO 
Space Tech Labs  (2) 
ETR -
J. Car te r  (4) 979-0 
J. D. Hart  979-0 
R. C. Lynch (2) 979-0 
D. L. Sarokon (2) 979-0 
J. A. Schnabel 979-0 
CENTAUR (Cont' d) 
W. S. Hicks 
M. J. Hurley 
W. C. Jungemann 
K. Kachigan 
A. Kalitinsky 
M. 1. Kestenbaum 
A. F. Leondis 
L. E. Lightbown 
M. L. Male 
R. E. Martin 
C. D. Pengelley 
CENTAUR T. L. Rose 
F. B. Anthony 966-5 A. C. Ward 
M. R. Barlow 951-0 R. S. Wentink 
R. Benzwi 952-3 M . W oh1 tmann 
951 -2 
585-2 
587-2 
960-0 
960-0 
(8) 585-1 
585- 1 
961-1 
951-3 
585-0 
585- 1 
951-5 
966-4 
(2) 966-0 
585- 1 
